Previous studies indicate that young learners encounter communication challenges related to task, relational, and identity issues when collaborating on engineering design projects. 14, 15 Other research has identified effective scaffolding to support middle school leaners' communication during collaborative design activities 16, 17 as well as between-group influences on design activity. 18, 19 However, systematic studies of young adolescents' peer interaction among team members during collaborative design activity are rare, and little is yet understood about how learners' perceive of their collaborative interactions.
The purpose of this qualitative study was to improve understanding of how middle school learners experience the design process as they engage in collaborative engineering challenges. To achieve this aim, we investigated how participants in afterschool engineering clubs Page 26.1629.2 experienced collaborative aspects of design challenges. Initial research questions that guided analysis include:  What do learners report about how they experience collaborative aspects of engineering design challenges?  Which aspects of collaborative design processes are most salient to these learners?  Which aspects do they experience more negatively or positively?
Method
Study participants were voluntary members of middle-school afterschool engineering clubs in eight Southwestern U.S. schools in one urban district. The long-standing university-facilitated program sought to provide opportunities for ethnic minority, female, low-income, and first generation college-bound students to experience hands-on exploration of STEM fields and peergroup experiences to support college aspirations. Club meetings generally took place once a week over five months, with club members working in collaborative teams to complete one of eight engineering design challenges (e.g., a prosthetic arm, a windmill, a water transportation system). A regional competition occurred in January and a state competition was held in April.
This qualitative descriptive study relied on semi-structured interviews 20 consisting of open-ended questions about collaboration in engineering design challenges. Forty-eight students were randomly recruited from across the eight clubs to participate in the one-on-one interviews (based on availability and willingness to participate); selected from a pool of the 108 club members who participated in a previous survey study. Eight interviewees were eighth-graders, 25 were seventhgraders, and 15 were sixth-graders; 48% were female; 64% were Hispanic, 13% White, 7% African American, 7% Asian, and 2% Native American. Of these students, 73% were eligible for free or reduced lunch.
Interviews were conducted with individual club members by the first author immediately before or after club meetings, usually in a nearby empty classroom. They ranged in length from 10 to 20 minutes. Interviews were recorded and later transcribed and checked for accuracy. For purposes of the current study, analysis was constrained to three open-ended questions and follow up prompts related to team collaboration: (1) What is it like to work in a team to complete an engineering design challenge? (2) What's the best thing about working with a team? (3) What's the most challenging thing about working with a team?
Analysis utilized constant comparative methods 21 to inductively interpret interview responses. Iterating through several cycles, both researchers independently read interview transcripts, wrote extensive memos, and identified tentative themes before meeting to share and negotiating understandings. During team meetings, we compared our interpretations in order to enrich our Page 26.1629.3 joint construction of meaning, frequently sketching hypothesized relationships to inform the emerging model.
Results
Three interrelated themes emerged through analysis. The first two themes both address RQ1 and RQ2; the third theme addresses RQ3. Theme 1. The first theme generated through analysis was that a prominent aspect of how learners experienced engineering in a collaborative context was the salience of how they managed ideas. Specifically, when students were asked, "What is it like to work in a team to complete an engineering design challenge?" their responses commonly focused on how ideas were created, evaluated, developed, and implemented in their collaborative design team. Examples of students' perceptions of each of these processes are illustrated in Table 1 . Evaluation "Like it's different because you have to -there's a lot of ideas, so you have toif two of them are really good, you have to really in a team effort really just decide which one is the best."
Development "Well, I think it's kind of exciting because you might have one idea, then your other teammate might have another one, and maybe another teammate will have another one, and then from that you create another challenge trying to combine all of those three to make one idea."
Implementation "It's like fun because you get everybody's ideas on it and when you get it all together, it looks perfect and it works out."
Students might have noted many aspects of collaboration associated with working on engineering design challenges in response to this open-ended question. That their responses focused on managing ideas seems to reflect many of these students' sense that engineering design is largely a process of generating and bringing ideas to fruition and that this process is inherently collaborative. Page 26.1629.4
Theme 2. Additional examination of students' perceptions of how they managed ideas led to further insight about how they perceived their team. Specifically, the second theme identified through analysis was that some participants perceived of their teams as Collaboratives and others perceived of their teams as Collections of Individuals. Furthermore, those perceptions related to their construction of identities and roles within the team. Participants who viewed their teams as a Collaborative perceived themselves as having a team centric ownership of ideas; i.e., the evaluation, development and implementation of ideas were carried out by the team as a whole, for example, when ask about the best thing of designing with a team, one student replied:
One of the best things is that you can all put your ideas together and it kind of works out. You can keep on working together and making it better, using everyone's ideas…We try to think of ways that they could all work together, like if somebody says we can do this thing and somebody else says we can do that, we try to think of ways where they can just work together then put them both on the project to make it work.
When asked why that was important to her, she replied:
Student:
It's important to me because it makes everybody feel like they're wanted, and plus, it helps make the project better because it's helping the project. Interviewer: What's the most challenging thing about working with a team to design? Student:
I like working with the team. I don't really think that there's a lot hard with it because it really helps you design and make it better. So I can't really think of anything that's really hard for it.
Obvious in these responses is that the integration of everyone's ideas was important to this student and that her perception was largely positive.
In contrast with this collaborative visualization of a team, students who viewed their team as a Collection of Individuals, each with ownership of their individual ideas, saw the plurality of ideas as a conflict between individuals in terms of social-relational power and decision-making efficiency. In this case, the student perceived that a large diversity in sources of ideas presented a risk. It is important to note that even students who presented this perception still largely voiced a positive reception to having at least one other teammate in order serve as a different source of ideas. However, these benefits might not outweigh the social stress and tensions of negotiating individual ownership of ideas. As another student said, "It's really complicated because you have to get all of your ideas in and all of what you guys want to do and what they want to do." Theme three. Finally, a third theme identified through analysis was that there were both negative and positive aspects of negotiating decision making around diverse ideas. Negotiating decisions among group members with differing views of how the project should progress was a common topic across responses to the three interview questions. Many students shared that there is a tension between the benefit of diversity of ideas and conflict among ideas, and they reported resolving that tension in multiple ways. Students commonly identified the ability to contrast and compare ideas as a positive aspect of teaming that afforded opportunities to improve one's own ideas and one's thinking about the project and to improve a group product by combining ideas to make the project "easier" and "better." As one student shared, Like, the more thoughts, the more creativity that there is in the group the better it would be for the project because if we were to just have it with one person then the project, it wouldn't be as awesome because there wouldn't be much critiquing doing to it.
Students also reported that there is social-relational efficacy in sharing diverse ideas in that it helps all group members feel valued. Social-relational harmony and protection of group members' feelings and self-respect was reportedly an important issue of concern to many students. These benefits, however, had to be weighed against challenges associated with negotiating decision-making around diverse ideas. Conflicts associated with diversity of ideas included dealing with stubborn" team mates (e.g., "probably that some people are stubborn and they don't wanna change their ideas."), disagreements about how to move forward, not understanding other's ideas, and the group "breaking apart."
The inherent tension between benefits and challenges of diverse ideas was perceived both by learners who saw their teams as a Collective and by those who saw their teams as a Collection of Individuals, but it was perceived differently by each of these groups. One of the ways this tension was expressed was in the different methods teams use to resolve this tension. Experimenting was commonly reported as a strategy not only for improving a design, but also for resolving social tension: When we were putting the windmill together we were making itwe were trying to see how the fan was going to work with the windmill. And we were trying to see how tall the fan had to be. And some people were like, "oh no, it's fine where it is." And then other people were like, "no, it needs to go lower." And then Page 26.1629.6
[inaudible] was like, "no it's too low." And then we finally figured out that we should just measure it. We used the fan and we put the fan up and down to work with the windmill and see how fast it would go…We measured the distance that the fan was from the table so we can cut off that much from that windmill.
In this case, the team decided to conduct an experiment as a tool to help make a decision. However, other ways of resolving tension were also noted, such as asking or giving help or advice (e.g., "It helps me by like when people need help with their thing and all that, I help them."), compromising (e.g., "Okay, it's like he has a design that which used 12 propellers and my design was only had nine propellers in it, and it's like, how much do we use? You have 12 and I have only nine? So we think that we just use ten then."), and researching (e.g., "He went on the laptop, and he went on Google images and searched for windmills.").
Discussion
The middle school afterschool club members who participated in this study expressed various perceptions about their collaborative experiences related to engineering design challenges. An aspect that were most salient to many of these learners was their perceptions of collaboration that middle school participants expressed in interviews often involved the creation, evaluation, development and implementation of design ideas. Students' descriptions of how their teams negotiated the management of ideas and other processes associated with collaborative design activity tended to cluster the participants into two categories: those whose perceived that their teams had a collective ownership of ideas (i.e., Collaboratives), and those who perceived that ideas were generated and defended individually (i.e., Collections of Individuals). In either case, the diversity of ideas from different team members presented opportunities for positive and negative experiences. The tension between the benefits and challenges of diversity was resolved in multiple ways, depending in part on learners' perceptions of the nature of their team. These relationships are illustrated in Figure 1 . Must be resolved to reach a decision and take action Conflict among ideas
Benefits of diversity of ideas

Collection of individuals
Collective Ultimately, our hope is that this study will inform practice related to effective collaborative skills needed in engineering design contexts. One initial implication of the findings from this study is that facilitators need to recognize that learners may have varying perceptions of the extent to which design ideas belong to the design team versus individual team members, a perception that influences how teams manage and use conflict among diverse ideas in order to make decisions and take productive action. Facilitators who understand these dynamics may be able to develop strategies for helping students navigate collaborative tensions in ways that enhance design products and facilitate positive collaborative experiences. Supporting such experiences may be especially important for attracting females and members of other underrepresented groups into STEM fields, for supporting their identities as scientists and engineers, 22, 23 and for helping them seek points of contiguity between their collaborative experiences and the discursive values of the larger engineering community. 24 The findings of this study are particularly important because learners from groups traditionally under-represented in engineering were intentionally recruited into the afterschool clubs that were the context of this study. The cultural capital these students brought to the engineering design context may have influenced their interpretation of these experiences in ways that are potentially different than those of learners from other backgrounds. For instance, students from other cultural contexts may have developed dispositions less accepting of collaboration than the students in this study and therefore may need different levels of support for navigating collaborative design tensions.
Further study is needed to understand the relationship between middle school learners' reported experience of the design process in a collaborative context and the team processes and products associated with such experiences. For example, it may be necessary to identify what factors influence whether participants experience design as a Collective or a Collection of Individuals. Furthermore, what influence does that perception have on design processes and/or products? How effective are various strategies for resolving tensions related to diversity of ideas? It is also important to understand how participants' perceptions of their collaborative experiences in the engineering club compare to their perceptions of other collaborative experiences in their schools, families and communities. Such study is needed to inform the development of instructional practices and tools to support effective collaboration.
